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introduction: what are partial differential equations?

1. the laplace equation as the prototype of an elliptic partial
differential equation of second order

1.1 harmonic functions. representation formula for the solution of
the dirichlet problem on the ball (existence techniques 0)

1.2 mean value properties of harmonic functions. subharmonic
functions. the maximum principle

2. the maximum principle

2.1 the maximum principle of e. hopf

2.2 the maximum principle of alexandrov and bakelman

2.3 maximum principles for nonlinear differential equations

3. existence techniques i: methods based on the maximum
principle

3.1 difference methods: discretization of differential

equations

3.2 the perron method

3.3 the alternating method of h.a. schwarz

3.4 boundary regularity

4. existence techniques ii: parabolic methods. the heat
equation

4.1 the heat equation: definition and maximum principles

4.2 the fundamental solution of the heat equation. the heat
equation and the laplace equation

4.3 the initial boundary value problem for the heat equation
4.4 discrete methods

5. reaction-diffusion equations and systems

5.1 reaction-diffusion equations

5.2 reaction-diffusion systems

5.3 the turing mechanism

6. the wave equation and its connections with the laplace and heat
equations

6.1 the one-dimensional wave equation

6.2 the mean value method: solving the wave equation through the
darboux equation

6.3 the energy inequality and the relation with the heat
equation

7. the heat equation, semigroups, and brownian motion

7.1 semigroups

7.2 infinitesimal generators of semigroups

7.3 brownian motion

8. the dirichlet principle. variational methods for the solu- tion
of pdes (existence techniques iii)

8.1 dirichlet's principle

8.2 the sobolev space wl,2

8.3 weak solutions of the poisson equation
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8.4 quadratic variational problems

8.5 abstract hilbert space formulation of the variational prob-
lem. the finite element method

8.6 convex variational problems

9. sobolev spaces and 12 regularity theory

9.1 general sobolev spaces. embedding theorems of sobolev, morrey,
and john-nirenberg

9.2 I2-regularity theory: interior regularity of weak solutions of
the poisson equation

9.3 boundary regularity and regularity results for solutions of
general linear elliptic equations

9.4 extensions of sobolev functions and natural boundary con-
ditions

9.5 eigenvalues of elliptic operators

10. strong solutions

10.1 the regularity theory for strong solutions

10.2 a survey of the Ip-regularity theory and applications to
solutions of semilinear elliptic equations

11. the regularity theory of schauder and the continuity method
(existence techniques iv)

11.1 ca-regularity theory for the poisson equation

11.2 the schauder estimates

11.3 existence techniques iv: the continuity method

12. the moser iteration method and the regularity theorem of de
giorgi and nash

12.1 the moser-harnack inequality

12.2 properties of solutions of elliptic equations

12.3 regularity of minimizers of variational problems
appendix. banach and hilbert spaces. the Ip-spaces

references

index of notation

index
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